Myeloid sarcoma (MS) is a rare neoplasm whose knowledge is largely based on case reports and/or technically dated contributions. Ninety-two MSs in adulthood with clinical data available were evaluated both morphologically and immunohistochemically. Seventy-four cases were also studied by fluorescent in situ hybridization on tissue sections and/or conventional karyotyping on bone marrow or peripheral blood. Histologically, 50% of the tumors were of the blastic type, 43.5% either monoblastic or myelomonocytic and 6.5% corresponded to different histotypes. CD68/KP1 was the most commonly expressed marker (100%), followed by myeloperoxidase (83.6%), CD117 (80.4%), CD99 (54.3%), CD68/PG-M1 (51%), CD34 (43.4%), terminal-deoxy-nucleotidyl-transferase (31.5%), CD56 (13%), CD61/linker for activation of T cells (2.2%), CD30 (2.2%) and CD4 (1.1%). Foci of plasmacytoid monocyte differentiation were observed in intestinal cases carrying inv16. Chromosomal aberrations were detected in about 54% of cases: monosomy 7(10.8%), trisomy 8(10.4%) and mixed lineage leukemia-splitting (8.5%) were the commonest abnormalities, whereas t(8;21) was rare (2.2%). The behavior was dramatic irrespective of presentation, age, sex, phenotype and cytogenetics. Most if not all, long survivors received bonemarrow transplantation. The present report expands the spectrum of our knowledge showing that MS has frequent monoblastic/myelomonocytic differentiation, displays distinctive phenotypic profile, carries chromosomal aberrations other than t(8;21), and requires supra-maximal therapy.
Introduction
Myeloid sarcoma (MS) (ICD-O code 9930/3) is a rare condition that is characterized by the occurrence of one or more tumor masses, consisting of immature myeloid cells presenting at an extra-medullary site. 1 The latter has been reported more often to correspond to the skin, bone or lymph node, although the process can affect almost every site of the body. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] It may develop de novo or concurrently with acute myeloid leukemia (AML), myeloproliferative disorder (MPD) or myelodysplastic syndrome (MDS). 1, 2, 6, 11, [13] [14] [15] [16] [17] [18] [19] [20] Interestingly, MS may be the first evidence of AML or precede it by months or years. 1, 13 Finally, it can represent the initial manifestation of relapse in a previously treated AML in remission. 1, 21, 22 The recent World Health Organization (WHO) classification 1 has proposed the subdivision of MS into several histotypes, whose exact incidence has not been established yet. At conventional light microscopy, the picture can be misdiagnosed as lymphoblastic, Burkitt's or diffuse large B-cell lymphoma (DLBCL) or even as a non-hematopoietic tumor. 1, 6, 13 As this implies a wrong treatment, the application of immunophenotyping is mandatory. [1] [2] [3] [23] [24] [25] [26] [27] [28] No concrete attempts have so far been made to determine the prevalence of conventional and more recent markers on large series of cases, 1, 3, 26, 27 as well as to draw clear-cut criteria for the differentiation of MS from the plasmacytoid dendritic cell precursor tumor (PMPT) 29, 30 (also termed 'natural killer blastic lymphoma'). 1 MS has been described in association with a variety of chromosomal abnormalities 18, [31] [32] [33] [34] [35] [36] [37] as well as with mixed lineage leukemia (MLL) rearrangements. 38, 39 In particular, t(8;21)(q22;q22) is regarded as a recurrent aberration in MS. 1 However, review of the literature highlights that such translocation has been detected in tumors more often occurring in childhood and/or at the orbital level. [31] [32] [33] On prognostic grounds, the knowledge of an underlying MPD, MDS or AML is felt to be a negative prognostic factor.
1 By contrast, de novo MS has been reported to be sensitive to radiotherapy and/or chemotherapy (CHT) with possible prolonged survival. 1, 4, 5, 12, 40, 41 However, recent studies suggest that either highly specific drugs 42 or aggressive schedules should also be applied to the latter, if one aims to achieve stable remission and cure. 5, 14, 15 So far, no definitive conclusion has been drawn concerning MS optimal treatment.
In this study, we investigated a large series of MS in adult patients by an updated approach, including fluorescent in situ hybridization (FISH). The aims were to assess: (1) the frequency of genetic lesions and (2) the possible correlations among molecular findings, phenotype, clinical features and outcome.
Materials and methods

Tissue samples and clinical information
All cases were retrieved from the files of Italian Pathologic Anatomy Services. In particular, 55 had been collected at the Hematopathology Unit of Bologna University between 1990 and 2004: of these, five had been provided by a Dermatologyoriented Institution and three had been the object of brief reports. [12] [13] [14] In all instances, formalin-fixed, paraffin-embedded tissue blocks were available, as were the following information: age and sex of the patients, sites of MS presentation, original morphologic diagnoses and presence of previous, concomitant or following AML, MPD, MDS or non-hematopoietic tumor. Follow-up data were available in 67 patients. Among these, 47 had undergone CHT according to the Gruppo Italiano Malattie Ematologiche Maligne dell'Adulto (GIMEMA) guidelines [43] [44] [45] (70.1%), six allogeneic bone-marrow transplantation (AlloBMT) (9.0%), five surgery (7.4%), four autologous BMT (AutoBMT) (6.0%), three -with chronic myeloid leukemia (CML) in blast crisis -imatinib-mesylate (4.5%) and one radiotherapy (1.5%). One patient (1.5%) had received no treatment, as he died immediately after the diagnosis. Informed consent was obtained from all patients or their relatives and each institutional ethical committee approved the tissue collection.
Histology and immunohistochemistry
Sections were cut from the paraffin blocks and either routinely stained (hematoxylin-eosin, Giemsa, periodic acid-Schiff and Gomori) or used for immunohistochemistry. The latter was performed by applying antibodies against: CD1a, CD3, CD4, CD30, CD34, CD56, CD61, CD68/KP1, CD68/PG-M1, CD79a, CD99, CD117, terminal-deoxy-nucleotidyl-transferase (TdT), glycophorin A, glycophorin C, myeloperoxidase (MPO), Factor VIII-related antigen (FVIIIRAg), linker for activation of T cells, cutaneous lymphocyte antigen (CLA/HECA452), protein S-100, tryptase, B-cell-specific activator protein, Ki-67 and keratins. Details on the antibodies and immunohistochemical techniques 46 are available on the Supplementary Information file 1. The percentage of neoplastic-positive cells was assessed by four experienced pathologists. Each marker was regarded as positive when it was expressed by at least 20% of the neoplastic cells.
FISH studies
Technical details are available on the Supplementary Information file 2.
Probes
The following commercially available probes (Abbott Laboratories Inc., Abbot Park, IL, USA) were used for FISH studies: AML1/ETO (dual color, dual fusion); CBF-Beta (dual color, break apart rearrangement); MLL (dual color, break apart rearrangement); EGR1/D5S23, D5S721 (dual color); D7S486/CEP7 (dual color); CEP4; CEP8; CEP11; CEP16 (spectrum green and orange). Locus-specific probes were routinely used also to detect aneuploidies: AML1/ETO probe for chromosomes 8 and 21, the MLL probe for chromosome 11, the CBF-Beta probe for chromosome 16 . If aneuplody was suspected, a confirmatory hybridization test was carried out with centromeric probes (CEP 8, CEP 11 and CEP 16). DNA sequences targeted by the abovementioned probes are available on http://www.vysis.com. The probe mixtures were prepared following the manufacturer's instructions.
Normal control study and criteria for analysis A normal value study was performed in 25 control samples, 12 lymphomas and 13 reactive lymph nodes known by karyotype analysis to be negative for the anomalies tested. Lymphatic tissue was chosen as control as it has the same embryological origin of MSs and also a similar high-density cell pattern.
The following scoring criteria 47, 48 were adopted to diminish the impact of nuclei either truncated or with sub-optimal hybridization: (1) nuclei with an inconsistent or misleading FISH pattern were ignored, (2) only those areas with X90% of nuclei showing at least one hybridization signal were evaluated and (3) the analysis was repeated twice, blindly and in different sessions. For further details, see the Supplementary Information file 2.
In addition, in 28 patients with synchronous or metachronous AML, MDS or MPD, karyotypic data on the marrow or peripheral blood were available: of these, 14 underwent FISH on tissue sections.
Statistical analysis
As to what FISH results are concerned, the normal distribution of all variables was ascertained and the t-test was evaluated with both the pooled method (for equal variances) 49 and the Satterthwaite method (for unequal variances). 50 The cutoff values for each probe was calculated in the control samples as the mean þ 3 s.d.
For clinical analysis, all data were evaluated with the Stat view 5.0 software package (SAS Institute Inc, Cary, NC, USA). Differences in marker expression were demonstrated by the use of w 2 analyses. Survival curves were plotted according to the Kaplan-Meier method. 51 Overall survival (OS) was calculated from the date of diagnosis until death or date of the last contact for living patients. The univariate association between individual clinical features and OS was determined with the logrank 52 or Wilcoxon's test, whichever appropriate. Factors independently associated with OS were identified in multivariate analysis by the Cox proportional hazards regression model. 53 The limit of significance for all analyses was defined as a Po0.05; two-sided tests were used in all calculations.
Results
Clinical data
The male-to-female ratio was 1.42:1. The median age was 55.8 years (range . The commonest sites of MS presentation were the skin (28.2%), lymph node (16.3%), testis (6.5%), intestine (6.5%), bone (3.25%) and central nervous system (CNS) (3.25%) (Figure 1a-d) . The complete list of organs involved is shown in the Supplementary Information file 3.
Twenty-five patients (27%) presented as de novo MS, as assessed by the results of contemporary bone-marrow examination. In two of them, the tumor was followed by AML (M2 and M4, respectively) some months later. The remaining 35 individuals (38%) had a previous history of
. Notably, among these patients the ones with AML and RAEB had been treated according to GIMEMA protocols that included intercalating agents, [43] [44] [45] whereas those with MPD, RA and mastocytosis had received hydroxyurea, supportive therapy and a-interferon, respectively.
In two patients (one with de novo disease and the other with associated M5), a simultaneous non-Hodgkin's lymphoma was detected (i.e. follicular lymphoma and mycosis fungoides). In another one, a peripheral T-cell lymphoma, unspecified had been diagnosed 10 years before and repeatedly treated with radiotherapy and CHT: the latter included antracyclines.
In six cases, a previous history of non-hematopoietic tumor was recorded: embryonal carcinoma of the testis (N ¼ 1), prostate carcinoma (N ¼ 1), endometrial carcinoma (N ¼ 1), breast carcinoma (N ¼ 1), intestinal carcinoma with liver metastases (N ¼ 1) and association of prostate and larynx carcinoma (N ¼ 1). All these patients had undergone CHT, including the administration of intercalating agents, and had developed some years later either AML (M2,
Interestingly, in these patients AML was always simultaneous to MS, whereas MDS preceded MS.
Finally, a de novo MS was associated with a colonic adenoma ( Figure 1b ).
Ten out of 25 de novo cases (40%) had been submitted in consultation with a misdiagnosis of DLBCL (
, anaplastic lymphoma kinase (ALK)-negative anaplastic large-cell lymphoma (N ¼ 1) and myeloid metaplasia (N ¼ 1). Immunohistochemistry was instrumental to correctly interpret these cases. Notably, three of the patients considered to suffer from DLBCL had been unsuccessfully treated for a malignant lymphoma, until the diagnosis of MS was made.
Histology
When occurring at an extra-nodal site, MS was usually characterized by a diffuse or Indian-file growth pattern, depending on the degree of stromal reaction evoked (Figure 1c ). In the lymph node, the neoplastic population either diffused through sinuses or infiltrated the paracortex, entrapping some residual follicles (Figure 1d ).
According to the WHO criteria, corroborated by immunophenotyping, the 92 cases were subdivided into: undifferen- (Figure 1e-i) . Interestingly, no association was found between the histotype and anatomic site involved with the exception of the monoblastic forms, 50% of them occurring in the skin.
Immunohistochemistry
The main immunohistochemical results are summarized in Table 1 and illustrated in Figures 1 and 2 . They merit some brief comments.
The Ki-67/MIB1 score was always high, ranging from 50 to 95%.
CD56 turned out to be variably positive in 12 cases (Table 1 ) (Figure 2d-f) . Interestingly, in none of these cases there was reactivity for CLA/HECA452 and in only one CD4 was detected. By contrast, in four examples of blastic MS (two in the intestine, one in the rectum and one in the lymph node, respectively) foci of plasmacytoid monocytes were observed as shown by the immunostaining results (CLA/HECA452 þ , CD68/PGÀM1 þ , CD56À, MPOÀ, CD117À, CD34À, TdTÀ) that contrasted with those of the surrounding population (CLA/HECA452À, CD68PGÀM1À, CD56À, MPO þ , CD117 þ , TdT þ ) ( Figure  1j-l) . Notably, at FISH analysis two of such cases (i.e., the intestinal ones) were characterized by the presence of the same chromosomal aberration (inv 16) in both the blastic and plasmacytoid monocyte components. In addition, inv 16 was detected at conventional karyotyping in the rectal case, which did not undergo FISH because of paraffin block exhaustion.
A dot-like positivity for cytokeratins was detected (Figure 2g ) in a MS of the blastic type arising in the left testis of a patient, who had undergone CHT 10 years before for an embryonal carcinoma of the contro-lateral testis, followed 7 years later by RAEB-1.
In one further case, foci of tryptase-positive cells were found. The patient had no previous history of mastocytosis, but else suffered from RA.
Finally, three MSs (one blastic and two monoblastic) were associated with a minor lymphoblastic component (B in two instances and T in the remaining one) (details on the phenotype of these cases are available on the Supplementary Information file 4).
FISH analysis
Seven samples of sarcoma out of 56 (12.5%), were not evaluable by FISH analysis, because of the lack of hybridization signals with all the probe sets. Thirty-two could be fully analyzed (57.2%), whereas in the remaining 17 (30.3%) the success rate of FISH analysis varied within the different probe used (Table 2 ). In the control samples, only two out of 25 analyzed cases were not fully evaluable (8%), whereas in the remaining 23, the full probe set could be tested. A patient sample was considered as positive for a given aberration, if the percentage of cells showing the aberrant pattern was above the cutoff value for the probe examined.
FISH showed clonal abnormalities in 25 out of 49 (54.3%) sarcomas fully or partially analyzed. Of note, in two cases two different aberrations were observed: 20qÀ associated with CBFBeta deletion and trisomy 4 in conjunction with 5qÀ, respectively (Figure 2i-l) . Table 2 
Cytogenetics
In 28 patients, cytogenetic analysis had been performed on the bone marrow or peripheral blood owing to synchronous or metachronous AML, MDS or MPD. Thirteen patients (46.4%) showed a normal karyotype, whereas the remaining 15 (53.6%) carried a series of aberrations as shown in Table 3 .
Comparison between FISH and cytogenetics
In 14 patients, the results of full or partial FISH analysis could be compared with those of conventional karyotyping. In 10 cases, there was full concordance between the two approaches, whereas in the remaining four no correspondence was recorded (Table 3 ). In particular, in one of the discordant cases, MS (with uterine and breast involvement) preceded AML-M4 of about 1 year: the former was characterized by trisomy 8 at FISH, whereas the latter showed a rare translocation [(1;9)(q11;q34)] in the absence of þ 8 at cytogenetics on the peripheral blood (Table 3) . Such discrepancy might be due either to þ 8 loss during leukemic evolution or to the fact that AML represented a secondary event unrelated to MS. In the remaining three discordant patients, monosomy 7 was detected by FISH but not by karyotyping. One of them with testicular MS had been treated 3 years before for RAEB-1, possibly secondary to poly-CHT administered for an embryonal carcinoma of the controlateral testis. Cytogenetics carried out at the time of MDS showed a complex karyotype, including 5qÀ and monosomy 16 in a subclone (Table 3) : MS-FISH provided unreliable results for the former and failed to identify the latter. Interestingly, the CBFB probe used for FISH was a locus-specific sequence that showed a diploid asset: this finding might be related to a nonreciprocal translocation missed by karyotype analysis. The second MS case with monosomy 7 had simultaneous AML-M5 with normal karyotype on the peripheral blood. Finally, the third patient had developed testicular MS 1 year after treatment for CML blastic crisis. In these three cases, monosomy 7 might represent a chromosomal abnormality (subclonal?) acquired during the course of the disease and/or following CHT and favoring MS formation.
Correlations between chromosomal aberrations and tumor characteristics
In general, no statistically significant correlation was found between the recorded cytogenetic abnormalities and age, sex, histotype, de novo presentation, concomitant or previous history of AML, MPD, MDS, malignant lymphoma or nonhematological neoplasm, previous administration of antracyclins or intercalating agents, clinical course or response to therapy. Only, patients with inv16, t(8;21), t(15;17), identified by FISH and/or karyotype, appeared to be usually younger and carried de novo AML or MS.
CD56 positivity was detected in one case with AML1/ETO fusion, but was also recorded in five and four cases with no detectable aberrations and aberration other than t(8;21), respectively. MLL rearrangement was always associated with bone-marrow involvement and still recorded in a 80-year-old patient. In one of the two cases with 5q monosomy, a bonemarrow biopsy performed 1 year before MS was consistent with the 5qÀ syndrome, whereas in the other there was de novo CNS involvement. Finally, the three patients with inversion 16 had intestinal MS with plasmacytoid monocyte clusters.
Type of therapy and follow-up
At a median follow-up of 150 months, 60 patients died of disease (89.5%), whereas seven are still alive and in complete remission (CR) (10.5%). Figure 3 shows the OS curve of all 67 patients. Among those in CR, one had a history of de novo tumor and six had MS associated with AML (M1, N ¼ 1; M3, N ¼ 2; M5, N ¼ 1), RAEB-1 (N ¼ 1) or PV (N ¼ 1). There were no significant differences in terms of survivor incidence between the group with de novo tumor and the one with concomitant or previous hematological disorder (1/15 and 6/52). Interestingly, all survivors achieved CR following the first line of therapy. By contrast, only eight out of 60 patients who deceased, obtained CR following the initial therapeutic approach. Six out of seven survivors underwent AlloBMT, the remaining one having received several courses of conventional CHT. These six patients are alive and in CR from 6 months to 8 years after the diagnosis (mean: 52.5 months). Notably, the patients who died of disease within the group of transplanted patients (two following AutoBMT used as initial therapy and two who received AlloBMT as salvage therapy) experienced prolonged survival (from 8 months to 6 years: mean: 41 months). By Table 1 Correlation between MS histotype and marker expression contrast, the mean survival times of the patients who underwent CHT, imatinib-mesylate, surgery and radiotherapy were as follows: 7.1 months, 5.6 months, 36 days and 1 week, respectively. The OS curves of the patients who, did and did not undergo Auto/AlloBMT (survival rates at 48 months: 76% vs 0%; P ¼ 0.0000) are shown in Figure 3 .
The clinical behavior and response to therapy were not influenced by any of the following factors: age, sex, anatomic site(s) involved, clinical presentation, previous clinical history, histotype, phenotype and cytogenetic findings.
Discussion
To the best of our knowledge, this is the largest series of MSs so far collected in the literature and comprehensively studied both at the clinical and pathobiological levels: it offers several hints for the better knowledge and management of the tumor.
The present report does not allow definitive conclusions on MS epidemiology, being based on a nationally gathered series. Interestingly, our case-mix ensued from a random collection among Pathologic Anatomy Services and only five samples were provided by a Dermatology-oriented Institution. Thus, the lack of pediatric cases and the high prevalence of skin locations seem to represent fortuitous events. With these limitations in mind, at least in Italy, MS seems to mostly affect adult males. Almost any site of the body can be involved, with a certain predilection for the skin (see Supplementary Information file 3) . In 86% of our cases, MS presented as a single mass and in 27% as de novo disease. Importantly, 10/25 de novo tumors had originally been misdiagnosed and three unsuccessfully treated as DLBCL. In none of these cases, an adequate immunohistochemical study had been performed. This strengthens the relevance of phenotyping for MS diagnosis. [23] [24] [25] 28 At the morphological level, our series represents the first opportunity to assess the exact incidence of the histotypes quoted in the WHO classification. 1 The blastic variant was indeed the commonest form, followed by the monoblastic and myelomonocytic ones that turned out to be much more frequent than thought previously. 1 Our immunohistochemical data confirm the relevance of some key markers (such as MPO, CD117 and CD68PG-M1) Abbreviations: AML, acute myeloid leukemia; CBF, core binding factor; CML, chronic myeloid leukemia; CNS, central nervous system; ETO, etoposide eight-twenty-one; FISH, fluorescent in situ hybridisation; MLL, mixed lineage leukaemia; MS, myeloid sarcoma; RAEB, refractory anemia with excess of blasts. a In another case (AML-M2 and MS of the brain), the AML1/ETO probe showed a fusion pattern, but the number of cells examined was only 30 with 50% of positivity. ++: one case with association between trisomy 8 and MLL splitting; #: one case with association between trisomy 4 and 5qÀ; y: one case with association between 16qÀ and 20qÀ.
both for the diagnosis and subclassification of MS. [23] [24] [25] [26] [27] [28] In addition, they shed some light on the real incidence of CD99, CD56 and CD30 that can cause diagnostic pitfalls. 29, [54] [55] [56] Whereas the former was actually detected in more than 50% of the cases in line with its not infrequent expression in hematopoietic tumors, 54 the latter two markers were seldom recorded. CD30 was expressed in only two cases, one of which, however, had been misdiagnosed at another center as CD45-positive, ALK-negative anaplastic large-cell lymphoma of the null type. On the one hand, this confirms that CD30 can be rarely expressed by myeloid tumor, in the other it underlines the need to include MPO among the markers that should be applied to ALK-negative CD30-positive blastic neoplasms of the immune system. Variable CD56-positivity was encountered in 12 tumors, but did not represent a diagnostic problem. In fact, the lack of CD4 and CLA/HECA452 expression allowed the easy differentiation of MS from PMPT. 29, 30, 57, 58 Conversely to what reported by others, 59 ,60 in our hands CD56 was not associated with monocytic derivation or t(8;21). Two further findings merit a brief comment. In one case, the expression of hematopoietic markers was associated with that of cytokeratins. Such event that has already been described in AML cells, either spontaneously or under experimental conditions, 61, 62 was recorded in a patient with testicular MS treated 10 years before for an embryonic carcinoma of the contra-lateral organ. This raises the question as to whether the observed cytokeratin positivity should be regarded as an aberrant phenotypic expression of a myeloid neoplasm or a histogenetic link with the previous germcell tumor. Finally, four patients presenting with MS sarcoma of the intestine (N ¼ 3) and lymph node (N ¼ 1) showed foci of plasmacytoid monocyte differentiation within an obvious myeloid population. Interestingly, the two cellular components that showed opposite phenotype (see Figure 1j -l) apparently belonged to the same clone as suggested by the detection of the same chromosomal aberration (inversion 16) in the two intestinal cases that underwent cytogenetic studies. This finding confirms the possible detection of tumor-forming accumulations of plasmacytoid monocytes in the course of myeloid disorders Overall survival curve (in green) of the 67 patients with complete follow-up information available and overall survival curves of the patients who respectively did (in red) and did not undergo (in blue) Auto/AlloBMT (survival rates at 48 months: 76% vs 0%; P ¼ 0.0000).
and strengthen the hypothesis that they actually represent foci of differentiation of the underlying disorder. 57, 58 In addition, it expands the spectrum of our knowledge by showing such occurrence in MS and the association with a translocation (inv 16) other than the monosomy 7 detected by Vermi et al. 57 Last, but not least, the recorded CD56 negativity in our series does confirm the existence of a subset of plasmacytoid monocytes lacking such marker.
FISH analysis revealed a spectrum of abnormalities that expands our knowledge concerning MS. 63 In particular, the recorded incidence of chromosomal aberrations (54.3%) is in line with what reported in adulthood AML (40-60%). 64, 65 However, taking into consideration the fact that FISH reveals only part of the defects seen at conventional karyotyping as well as the heterogeneity of abnormalities encountered in our series, such finding might suggest that the load of chromosomal aberrations is higher in MS than in AML. This would not be surprising as most examples of MS occur in patients with a simultaneous or pre-existing myeloid disorder and might thus correspond to clonal evolution due to accumulation of chromosomal damages. Bearing in mind the above mentioned epidemiologic limitations and our case-mix arrangement, the differences between our results and those of previous studies [31] [32] [33] 66 merit some comments. For instance, the incidence of t(8;21) turned out to be lower in our hands than in those of others. [31] [32] [33] 66 Interestingly, the association between t(8;21) and MS was incidentally found in the course of retrospective studies on large cohorts of pediatric patients, who clinically presented with AML. 31, 33, 66 In this setting, a significant proportion of cases carrying such translocation had simultaneous MS, more often at the orbital level. 31, 32 Our collective corresponded instead to adult patients, included both de novo and AML/MPD/MDSassociated or secondary cases, and contained only one orbital tumor. In our hands, other aberrations showed higher incidence than t(8;21): MLL rearrangement (four cases and one more by karyotype on marrow blood), monosomy 7 (five cases,) and trisomy 8 (five cases). MLL rearrangement was reported by others 38, 39, 67 to be possibly associated with MS and its prevalence thought to be equal to or greater than that of t(8;21). 38 Interestingly, 3/5 patients with monosomy 7 had a previous history of MPD and MDS, respectively, and another one showed testicular involvement. This is in keeping with the concept that such aberration may be related to secondary leukemias and testicular tumors (8.2% in the Mitelman catalog). 63 The detection of trisomy 8 in five cases is of some relevance: in fact, along with the occurrence of t(8;21) in one case (one additional case being doubtful: see Table 2 ), the above mentioned four MLL rearrangements and one recorded trisomy 11, it supports the recent observation of Deeb et al., 36 who found by CGH a preferential clustering of aberrations at chromosomes 8 and 11 in seven patients with MS. Noteworthy is the association of inv 16 with both the intestinal location and focal plasmacytoid monocyte differentiation of the tumor. Although the former finding has been described in rare AML cases, 68 the latter is totally new and merits attention in future studies to assess its exact incidence and relevance. The occurrence of monosomy 16/16qÀ in 2/44 evaluable cases is of interest: in fact, this cryptic aberration -observed in conjunction with del 20q in one instance -might be underestimated as recently suggested by Casas et al., 65 who found it in 5/127 AML cases by GCH. Finally, monosomy 5/del 5q was detected in two patients: in one of them was associated with trisomy 4 and preceded by MDS of the 5qÀ type. Although our FISH study significantly expands the array of known chromosomal aberrations occurring in MS, it does not allow drawing definitive conclusions as to their prognostic impact and absolute incidence. In fact, all patients with positive cytogenetics died of disease irrespectively of the fact that they were older or younger than 60 years or had de novo MS or not. In addition, scoring of FISH results in paraffin sections (with special reference to the detection of monosomies and deletions) may be hampered by artefacts, like truncated nuclei, overlay of adjacent nuclei and diminished hybridization efficiency, although it is accomplished in most cases and made more practical by methods that minimize these biases. 47, 48 In our series, the comparison between FISH and cytogenetic studies provided similar results in 10/14 cases studied with both techniques. This prompts to conclude that FISH is certainly a powerful tool when only fixedtissue is available: however, collection of fresh samples -that allow conventional karyotyping -should be encouraged if one aims to assess the full range of chromosomal aberrations in MS.
Finally, our study provides some interesting information on the clinical behavior and therapeutic response of MS. Conversely to what reported in the past, 1 no difference was found between the patients with de novo disease and those with tumors related to AML, MDS or MPD. This finding maintained its significance also when the age of the patients (below or higher than 60 years) and chromosomal abnormalities were evaluated (data not shown). Notably, the subjects treated with Auto/AlloBMT corresponded to long survivors, whereas those who received conventional therapies most often rapidly died of disease (OS at 48 months: 76 vs 0%; see Figure 3 ). Although not based on a randomized clinical trial, our study provides robust support to the recent concept -based on anecdotal observations 5, 15, 41 -that patients with MS should undergo high-dose therapies as front-line approach. The latter seems to represent the only chance to achieve CR and to possibly cure the disease.
